shown that plants differ in the way that they react to X-ray exposure. The tomato, Lycopersicum esculentumn, is less affected by the action of these rays than are some other species. Since in a preliminary study seeds given a medium dose produced plants which appeared normal in all respects, all later irradiation was made directly on the seedling.
(WITH THREE FIGURES) Experimentation (2) has shown that plants differ in the way that they react to X-ray exposure. The tomato, Lycopersicum esculentumn, is less affected by the action of these rays than are some other species. Since in a preliminary study seeds given a medium dose produced plants which appeared normal in all respects, all later irradiation was made directly on the seedling.
Materials and methods Seven different sets of experiments (series I-VII) were carried on, in most of which the John Baer variety of tomato was used. In the first three series irradiation was carried out when the plants were from 1 to 3 centimeters in height; in the fourth, three medium doses were given at two-week intervals,-at a time when the plants seemed to be recovering from the effects of the previous dose. In the last three groups, the plants were not exposed until small buds had formed.
The general procedure was to plant seeds in 5-inch pots in the greenhouse. The plants of the first three series were irradiated before the true foliage leaves had developed. Soon afterwards these seedlings and an equal number of controls were transplanted to larger pots where they grew to maturity. Plants of series V, VI, and VII were transplanted at an early+ age but were not irradiated until small buds had formed.
Irradiations of the first five groups were made with a Victor X-ray machine with the following "set-up": 5-inch spark gap, 5 milliamperes current, no filter, distance-30 cm., time from 20 to 30 minutes. For the last group, an Acme machine was used with the potential 90 K.V., 5n milliamperes current, no filter, distance 30 cm., time 20 minutes.
Results

EFFECT ON THE LEAVES OF NEW GROWTH
The first noticeable effect on the plant is a peculiar warty or pebbly appearance of the young foliage leaves which is evident soon after irradiation. As the leaves grow older, they show light green areas intermingled with the ordinary green thus giving a mosaic or variegated aspect. Microscopic examination of the leaves indicated that there had been an interference with the normal development of palisade and spongy parenchyma. The walls of the palisade cells particularly seemed to lack distinctness of outline. The chloroplastids appeared contracted and more blue-green in color than did the plastids of the controls.
The cotyledons remained entirely normal, but marked leaf abnormalities were evident in young tissue developing after irradiation. In many cases, for half the length of the leaflet, the blade on one side was absent. Leaflets were often twisted for one-half or one-third of their length. Fusion of leaf parts was common. Often the widened base of the leaflet grew to the main rachis so that no petiole at all was present. One case was noted where a lateral leaflet showed the tip edges attached together to form a cup-like structure. The edges of the leaflets were sometimes grown to the main rachis or with adjacent leaflets. In some cases marked leaf anomalies were not evident, but one could always distinguish irradiated plants by the pebbly appearance of the young leaves. was considerably greater than in Series IV, whereas the average length was less.
CHANGES IN GROWTH
Results in table I indicate that tomato plants irradiated either in the seedling stage or at the time that buds are appearing produce a greater number of lateral branches per plant than controls of the same age. In two of the three groups, the average length of branches from the irradiated plants was also greater.
EFFECT ON FLORAL DEVELOPMENT
Observations were made on four series of plants to determine the effects of irradiation on the time of blossoming and the occurrence of anomalies in buds and blossoms. The normal tomato flower is perfect, regular, and typically six-merous. The calyx tube is very short, and bears six leafy lobes which are linear to lanceolate. The six or more yellow stamens are laterally joined to form a hollow cone around the pistil. The pistil has an elongated style, and the stigma extends slightly beyond the apex of the androecium. Many types of anomalies were found in blossoms developed from buds which had been X-rayed. Table II gives a list of abnormalities present in blossoms of series IV, seventeen days after the last exposure. In this group, three exposures were made, the first on 17-day old seedlings, the last when buds were barely visible. Only those blossoms which were fully open at the time of observation, or those which had just faded, were included in the list. A comparison of flower development in series IV and V indicates an existence of radiophylaxis which ANCEL and LALLEMAND (1) have demon-strated. In their experiments, it was found that an exposure to a light dose preceding the heavy dose lessened the effect of the heavier dose which followed. In series IV one medium dose which was given to the 17-day old seedlings was repeated at two-week intervals, the last being given when small buds had formed. When these plants were 3.5 months old, 9 per cent. of the irradiated plants, and 63.6 per cent. of the controls, were bearing fruit. When these same plants were 5 months old, 54.5 per cent. of the irradiated, and 90.9 per cent. of the controls, were fruiting. With series V where the plants were exposed to but one medium dose, irradiated plants 3 months old had produced no fruit while 75 per cent. of the controls were bearing fruit. When these plants were 4 months old, 25 per cent. of the irradiated, and 92 per cent. of the controls, were in fruit.
The plants which had two previous exposures before irradiation did not drop their buds but developed flowers. These showed many malformations of structures, it is true, but the injury was considerably less than that sustained by the plants of series V in which only one bud that received irradiation ever developed a flower. The X-rays apparently hastened the development of the abscission layer of the pedicel for, soon after the exposure, the region of the pedicel where the abscission layer develops became yellow and the bud soon dropped. This case seems to illustrate the phenomenon of radiophylaxis, as the earlier doses given the plants apparently prevented the serious injury which results when one dose only is given at the time the buds are formed.
An accurate record of the time of blossoming and the number of blossoms appearing in the second bud cluster was kept for series VI and VII. In both of the series there was but little difference in the time of blossoming between the experimental plants and controls. The average number of blossoms, however, was greater in the irradiated plants. This will be noted particularly in future study in order to determine whether inhibition of flower and fruit development from the first bud cluster will be accompanied by increased vegetative and reproductive growth of the irradiated plants. In series IV and V double and triple flowers were produced. Figure 1 shows two of the unusual flowers produced. One was a double structure as is shown by the presence of two pistils with the surrounding androecia. *The second flower was a triple one with three separate pistils each surrounded by a complete androecium.
FRUIT DEVELOPMENT All groups of tomato plants were allowed to grow to maturity so that fruit development could be observed. In series I, buds appeared on irradiated plants at about the same time as on the controls. a slightly heavier dose was given, fruits appeared on the irradiated plants at a somewhat later date than on the controls. When a still heavier dose was given to plants of series III, fruit development was still more retarded.
In plants of series IV where a medium dose was given three times, fruit production was slow for a time. Later, when the plants had time to recover from the last dose, the number of fruits more nearly equalled those of the controls. In series V which was composed of a group of plants which were not irradiated until small buds were produced, none of the irradiated flowers produced fruits. In fact, only one of the buds produced a flower. That bud was well advanced in its development at time of the irradiation. Two months after irradiation some of the new growth which had developed, produced flowers and in 25 per cent. of the plants, fruits, often abnormal in shape, were produced. Five weeks after irradiation of plants in series V, there was a noticeable difference in height, branching habit, and fruiting condition of the control and X-rayed plants (figure 2). Buds which had been present at the time of irradiation had dropped without opening. No new buds developed until considerably later.
Data given in table IV show that irradiation of young tomato seedlings with a dose of medium intensity may delay fruit formation somewhat but in no way inhibit it on growth produced a few weeks after exposure. One medium dose given at a time when small buds are formed, causes plants to be almost completely sterile until new growth develops. A small percentage of the irradiated plants will, in time, produce fruits on the new abnormal growth. Figure 3 shows a cross-section view of four fruits from irradiated plants of series VII with three controls. L~~~~~~~~~F IG. 3. Cross-sections of tomato fruits. At right, controls; at left, fruits which developed on plants which had received one medium X-ray dose after the formation of small buds. Note the absence of definite loculi, pockets in the pericarpal wall, disorganization of core and placenta, and the reduced number of seeds.
The control presents the appearance of the normal tomato fruit. The flesh consists of the outer pericarpel wall, the radial walls or interlocular septa, the placentae and the core. The number of loculi shows clearly. In the fruits from irradiated buds, however, one cannot distinguish definite loculi. The placenta and core show lack of normal structure and, in some fruits, there is an almost total absence of seeds. Pockets, which have formed in the outer pericarpel wall of the experimental fruits, are not present in the controls. Summary 1. Irradiation of young tomato seedlings causes marked leaf anomalies in the young growth which develops after irradiation. Leaflets are often absent, badly twisted, or joined together in unusual fashion. Soon after irradiation, the leaves present a peculiar warty or pebbly appearance. As they grew older, there are areas of green of varying intensities so that they appear spotted or variegated.
2. Plants receiving X-ray dosage develop many lateral branches which cause them to assume a bushy appearance. The number of branches developed may be sixty-five per cent. greater in the irradiated plants than in the controls.
